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57 ABSTRACT

An evaporation system for separation of a fluid mixture nto
its component parts, especially for the reclamation of
solvents, has a vacuum pump connected to the evaporator,
especially a rotation evaporator, with at least one separator
being connected to the suction side of the vacuum pump and
at least one secondary condenser being connected at the
pressure side of the vacuum pump. A fine regulating valve
(8) is installed in the connecting pipe (7) between the
rotation evaporator (2) and the separator (9), which 1is
connected in front of the vacuum pump (10), for regulation

of the boiling pressure.

5 Claims, 1 Drawing Sheet
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1
EVAPORATION SYSTEM

BACKGROUND OF THE INVENTION

The mvention relates to an evaporation system for sepa-
rating a fluid mixture into 1ts component parts, especially for
the purpose of solvent reclamation, wherein a vacuum pump
1s connected to an evaporator, especially a rotation
evaporator, and also at least one solvent separator on the
suction side of the vacuum pump and at least one secondary
condenser on the pressure side of the vacuum pump are
attached.

Solvents are often used as adjuvant substances 1n chemi-
cal laboratories and, for example, are required for the
synthesis of new substances. In the past, the reclamation of
solvents has been considered a minor 1ssue. As a result of the
change 1n environmental consciousness with regard to
emissions, and also the icreased awareness of danger and
cost to the user, re-orientation of this viewpoint has only
occurred over the last few years. Hence, vacuum systems for
the reclamation of solvents have been developed 1n the past
few years which are geared towards the optimization of
these three points.

In order to be able to reclaim the solvent, it 1s already
known, for example, to heat the solvent in a rotation
evaporator over a water bed. For evaporation of the solvent,
pressure and temperature must be coordinated with one
another, since every solvent has a boiling pressure at a
certain temperature at which 1t evaporates. The boiling
pressure 1n the rotation evaporator 1s generated by the
vacuum pump. Initially, when commencing evaporation of
the solvent, the glass flask of the rotation evaporator 1s at
atmospheric pressure. Then, the vacuum pump also evacu-
ates the boiling pressure which results from the respective
bath temperature. When this pressure 1s reached, the solvent
begins to evaporate from the original fluid mixture. The
boiling pressure should then be kept constant.

It 1s already known to provide a fine regulating valve with
foreign gas feeding for this purpose. Upon reaching the
boiling pressure, the fine regulating valve 1s opened far
enough for the boiling pressure to be kept constant by the
influx of foreign gas, generally air. Later 1n the process, the
vaporous solvent 1s to condense on the cooling coil 1 the
rotary evaporator, drain off and be collected 1n the evapo-
rator’s round flask. However, a part of the vapor escapes
from the rotary evaporator through the vacuum pump, and
then condenses under atmospheric pressure 1 a water-
cooled secondary condenser.

With these known systems, the following problems have
resulted in practice:

In the case of solvents with a low boiling point, the
utilized vacuum pumps have too great a suction capacity,
meaning that a correspondingly high gas speed results. This
presents the danger of a large quantity of the solvent being,
pulled along still 1n a fluid state, whereupon it would not be
able to condense 1n the rotary evaporator. The high gas
speeds also occur 1n the secondary condenser, where they
also prevent efficient condensation, so that the solvent vapor
can also escape out into the surrounding air.

Another disadvantage 1s that the solvent condensing in the
round flask of the secondary condenser cannot be reused, as
it 1s contaminated, for example by the plasticizers in the
connecting pipes. This part of the reclaimed solvent must
therefore be discarded.

It 1s also already known to dispose an electromechanical
vacuum valve, controlled by a vacuum controller, in the
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2

connecting pipe between the rotation evaporator and the
membrane pump. The pressure 1n the rotation evaporator 1s
measured via the vacuum controller, and the vacuum valve
1s closed when boiling pressure 1s reached. The vacuum
pump evacuates the connection pipe between the vacuum
valve and the pump to the final pressure of the pump. The
vacuum valve must be opened from time to time, so that the
pump can again evacuate to the boiling pressure of the
solvent which 1s to be evaporated. A rapid pressure increase
or pressure equalization 1n the connection pipe to the rota-
fion evaporator results from the sudden opening of the
vacuum valve. As a result, the pressure 1n the connection
pipe to the pump also increases, and with the pressure, also
the suction capacity of the pump. Likewise, the flow speed
throughout the system increases 1n proportion to the suction
capacity. The aforementioned disadvantages result from this.
Furthermore, a vacuum controller and the vacuum valve are
expensive, meaning that the system as a whole 1s expensive
to purchase.

SUMMARY OF THE INVENTION

An object of the present invention 1s principally to pro-
vide an evaporation system for the separation of a fluid
mixture 1nto 1ts component parts, especially for the recla-
mation of solvents, which i1s particularly simple 1n its
construction and which simultaneously allows effective and
practically complete separation of the fluid’s component
parts.

In order to achieve solve this objective 1t 1s particularly
suggested that a fine regulating valve be provided in the
connection pipe between the evaporator and the separator,
which 1s connected 1n front of the vacuum pump for regu-
lation of the boiling pressure. While the invention 1is
described below in connection with rotation evaporators, 1t
1s not limited thereto.

This fine regulating valve 1s 1nitially opened at the start of
evaporation, and work 1s undertaken at a high flow speed
during this start phase, so that the solvent 1s rapidly brought
up to the boiling point. In this way, the start of the process
1s rapidly reached. On reaching the boiling pressure, the
regulating valve 1s closed, or only remains fractionally open
to allow compensation for leakage losses. Here, the pump 1s
operating close to its final pressure. The resulting very low
flow speeds cause effective vapor condensation of the
solvent, or the like, while still 1n the evaporator. This
condensate 1s not contaminated and can thus be re-used
without problem. Only a small quantity of solvent (or the
like) condensate, which flowed through the connecting pipes
and the pump, 1s collected 1n the secondary condenser, and
can then be safely discarded. Hence, the apparatus according
to the invention works at optimum flow speeds during all
phases of the process.

One embodiment of the invention envisages that a ven-
tilation valve, which remains closed during normal
operation, 1s 1nstalled in the connection pipe between the
evaporator and the fine regulating valve. This ventilation
valve 1s preferably designed as a manually openable relief
valve. This provides the possibility of increasing the vacuum
in the connection pipe between the evaporator and the
membrane pump, and hence terminating the evaporation
process, practically as an emergency stop function.

BRIEF DESCRIPTION OF THE DRAWING

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read 1n conjunction with the appended drawing. For the
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purpose of 1llustrating the invention, there are shown 1 the
drawing embodiment(s) which are presently preferred. It
should be understood, however, that the invention 1S not
limited to the precise arrangements and instrumentalities
shown. In the drawing;:

The sole FIG. 1 shows a schematic design of an evapo-
ration system according to the invention for the separation of
a fluid mixture 1nto its component parts, especially for the
purposes ol reclaiming solvents.

DETAILED DESCRIPTION OF THE
INVENTION

A system 1, shown 1n FIG. 1, has a rotation evaporator 2,
whose glass flask 3 1s rotatably disposed 1n a water bath 4.
The liquid 1n the glass flask 3 also contains the solvent, or
similar liquid component 5, which 1s to be evaporated. The
rotational movement generates a thin liquid film on the
olass, which 1ncreases the surface area and thereby also the
performance of the evaporator. The number 6 designates the
condenser of the rotation evaporator. A connection pipe 7 1s
connected to the rotation evaporator 2, which 1s connected
via a fine regulating valve 8 and a solvent separator 9 to a
vacuum pump 10, preferably designed as a membrane pump.
A secondary condenser 11 1s connected to the vacuum pump
10 at the pressure side.

The substance with the solvent which is to be evaporated,
which 1s 1n the glass flask 3 of the rotation evaporator 2, has
a temperature which approximately corresponds to the water
bath temperature. In order to cause the solvent to evaporate,
the vacuum pump 10 1s switched on, generating an increas-
ingly reduced pressure 1n the rotation evaporator 2 with the
fine regulating valve 8 being open. Once the boiling pressure
of the solvent 1s reached, 1t begins to evaporate, then it cools
on the condenser 6, drips off and 1s collected 1n the round
flask 12 of the evaporator. However, part of the vapor
escapes from the rotation evaporator 2 1nto the connecting
pipe 7 and 1s conveyed via the pump to the secondary
condenser 11, where 1t condenses under atmospheric pres-
sure and 1s collected 1n a secondary condensate container 13.

As 1s shown 1n FIG. 1, the connection pipe between the
rotation evaporator 2 and the fine regulating valve 8 contains
a ventilation valve 14 which 1s closed during normal opera-
tion. This ventilation valve 14 1s preferably designed as a
manually openable back pressure (check) valve. This pro-
vides the possibility of increasing the vacuum 1n the con-
nection pipe 7 between the rotation evaporator 2 and the
vacuum pump 10, and hence terminating the evaporation
process, practically as an emergency stop function.

During the start phase, work can still be carried out at high
flow speeds with the fine regulating valve 8 open, so that the
solvent 1s rapidly brought to its boiling point. In this way, a
rapid start to the process i1s achieved. Once the solvent
begins to boil, fine regulation 1s undertaken with the help of
the fine regulating valve 8, 1.¢. this fine regulating valve 8 1s
closed as far as 1s required to maintain the appropriate
boiling pressure.
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Here, the fine regulating valve 8 1s only opened {far
enough to compensate for leaks occurring at the rotation
evaporator 2, which increase the pressure 1n the evaporator.
A very low and approximately constant flow speed sets 1n
during the entire process, ensuring optimum condensation.
Advantageously, the major portion of the condensate accu-
mulates within the rotation evaporator 2, which means that
this solvent can be re-used without problem. A very small
amount of solvent accumulates in the secondary condenser

11, which 1 turn means lower disposal coats.

The useability and durability of solvents 1n the chemical
laboratory 1s significantly increased as a result of reclama-
tion of the solvent i1n the evaporator. This re-utilization
means that the high costs of solvents can be significantly
reduced. The vacuum system depicted here, which serves for
the extraction of distillate, 1s especially intended for the
reclamation of solvents but 1s also suitable for the separation
of other fluid mixtures 1nto their component parts. In doing
this, the individual system parts—such as membrane pump,
secondary condenser, separator and combination
(ventilation and fine regulation) valve—form a compact
system which can be mounted on a common base plate. In
its operating state, the combination of ventilation and fine
regulation provides a closed, hermetically-sealed regulating
unit between the evaporator and the vacuum pump. This
regulating unit 1s distinguished by 1ts very low cost/benedit
factor.

It will be appreciated by those skilled 1n the art that
changes could be made to the embodiment(s) described
above without departing from the broad inventive concept
thereof. It 1s understood, therefore, that this invention 1s not
limited to the particular embodiment(s) disclosed, but it is
intended to cover modifications within the spirit and scope
of the present invention as defined by the appended claims.

I claim:

1. An evaporation system for separation of a fluid mixture
into 1ts component parts, comprising a vacuum pump con-
nected to an evaporator, at least one separator connected to
a suction side of the vacuum pump and at least one con-
denser connected to a pressure side of the vacuum pump and
a line regulating valve to regulate the boiling pressure
installed 1n a connection pipe between the evaporator and
the separator, said regulating valve being connected at said
suction side of the vacuum pump.

2. The evaporation system according to claim 1, wherein
a ventilation valve, which 1s closed 1n its normal operating,
state, 1s 1installed 1n said connection pipe between the evapo-
rator and the fine regulating valve.

3. The evaporation system according to claim 2, wherein
the venfilation valve comprises a manually openable reliet
valve.

4. The evaporation system according to claim 1, wherein
the evaporator 1s a rotation evaporator.

5. The evaporation system according to claim 1, wherein
the separation of the fluid mixture 1s for reclamation of
solvents.
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